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Abstract The effects of ascorbic acid concentration in pomegranate juice as an antioxidant and its bi-
functional role in Fenton reaction was investigated. Hydroxyl radical (OH.) produced through Fenton
reaction plays a major role in the formation of DNA oxidative damage. The study of DNA damage by
Fenton reaction was performed using Glassy Carbon Electrode (GCE). The damaged DNA is adsorbed on
the electrochemically modified GCE, and results in oxidative peaks corresponding to the oxidized adenine
and guanine residues in DNA. The effects of hydroxyl-radical scavenger (glucose), Fe2+ as reactant and
EDTA as iron chelator on the DNA damage were also investigated. The proposed electrochemical method
can be used for the estimation of DNA oxidative damage from a new point of view.
© 2013 Sharif University of Technology. Production and hosting by Elsevier B.V.
Open access under CC BY license. 1. Introduction
We live in an age in which molecular genetics is a new
frontier. Genetic material (DNA) in the cells is permanently
exposed to various physical agents such as UV light, ionizing
radiation, as well as several chemicals that may cause chemi-
cal alterations in the DNAmolecules. It has been estimated that
104–106 DNA damage events occur in a cell per day [1]. New ef-
forts toward diagnosing, preventing and treating many human
diseases will require a better understanding of DNA structure.
Moreover, rapid testing of various nucleotide sequences will be
required for other applications such as forensic medicine, rapid
detection of biological warfare agents and environmental test-
ing [2]. The detection of DNA damage have been reported by
different methods, including single cell gel electrophoresis [3],
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Detection (HPLC) ECD [4–9], post labeling [10], Electron Spin
Resonance (ESR) [11], spectrophotometric [12–14] and electro-
chemical methods [15–17]. Electrochemical transducer-based
devices have been developed for measuring of DNA damage in
recent years. The main advantages of these devices are their
low-cost, simple design, low power requirements and fast de-
tection [18–20]. Usually, two types of electrochemical method
are mainly employed to detect DNA damage. They are direct
electrochemical method based on the oxidation or reduction
of the DNA bases and indirect electrochemical method, using
DNA-specific redox active indicators, respectively [15].
It was proved that production of free radicals by any reaction
can lead to DNA damage. Hydroxyl radical (OH.) can attack
all the molecules including DNA, and play a major role in the
formation of DNA oxidative damage. Hydroxyl radicals can
be produced through Fenton reaction induced by H2O2 and
transition metals (Fe2+, Cu2+) [21,22].
8-hydroxydeoxyguanosine (8-OH-dG), as a biomarker was
used for electrochemical detection of DNA damages. Damaged
DNAcould be adsorbed onmodified glassy carbon electrode and
give three oxidative peaks corresponding to the oxidation of
adenine, guanine residues and 8-OH-dG respectively, according
to [23].
evier B.V. Open access under CC BY license. 
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tioxidant and its effect on DNA damage prevention. There are
many compounds in pomegranate juice as antioxidant [24].
Ascorbic Acid (AA) is one of the important compounds in
pomegranate juice. The effect of pomegranate juice concentra-
tion on DNA damage in Fenton reaction was studied.
Antioxidants have two edge roles in Fenton reaction [25,26].
The action of antioxidants in low concentration is called pro-
oxidant phenomenon. In more concentration, pomegranate
juice is an antioxidant that acts as a free radical scavenger. Also
the influence of Fe2+ and EDTAas iron chelatorwas investigated
in the system.
2. Experimental
2.1. Reagents
Calf thymus DNA (Ct-DNA) was dissolved in water to form
1 mg mL−1 stock solution, and was stored at 4 °C. The ferrous
sulfate (FeSO4), EDTA, Ascorbic Acid (AA) and other chemicals
were purchased fromMerck (Darmstadt, Germany). The doubly
distilled water was used for all experiments. Phosphate Buffer
Solutions (PBSs) were prepared from NaH2PO4 and Na2HPO4
salts.
2.2. Instrumentations
All electrochemical experiments were performed with a
potentiostat/galvanostat (SAMA 500, electroanalyzer system,
I.R. Iran) in a three electrode cell, with a counter electrode
(Pt wire), a reference electrode (Ag/AgCl/KCl (3.0 M)) and
modified GCE as the working electrode. Cyclic voltammograms
(CVs) were obtained at scan rate of 100 mV s−1.
2.3. Electrochemical modification of glassy carbon electrode
GCEs were sequentially polished before the experiments
with a 0.30 and 0.05 µm aluminum/water slurry on a polish
pad, and it was washed with ethanol and water via ultra-
sonication. After being rinsed with distilled water thoroughly,
the electrode was applied a potential of +1.70 V under
stirring in 0.1 M PBS (pH = 5) for 300 s, and then the elec-
trode was scanned between +0.3 and +1.25 V until a steady-
state current–voltage curve was obtained. After this treatment,
a thin blue film can be observed on the activated electrode sur-
face [25].
2.4. Method for detection of DNA damage
Calf thymus DNA stock solution was dissolved in 0.1 M PBS
(pH = 5.0) at final concentration of 1.0 mg mL−1 and stored at
4 °C in refrigerator before use. 50µL of this solution was added
to a 0.5mL test tube, and then50µL FeSO4 (4.0×10−4M), 50µL
H2O2 (1.0 × 10−2 M), 50 µL ascorbic acid (1.5 × 10−3 M)
were added to the test tube, respectively, according to specific
experiment condition. Eventually, the mixture was diluted to
0.5 mL with PBS (pH = 5.0), and the test tube was incubated at
37 °C for 1 h.
10 µL of the freshly prepared mixed solution was dripped
on the modified GCE surface and maintained for 5 min.
Then the electrode was immersed in 0.1 M BPS (pH = 5.0)
for voltammetric measurement after being rinsedwith distilled
water gently. The cyclic voltammograms were recorded in
the potential range of +0.3 to +1.3 V, at the scan rate of
100 mV s−1.Figure 1: Cyclic voltammograms of (a) undamaged DNA at concentration of
100 mg L−1 , (b) Fenton reagents (2.0× 10−4 M FeSO4 , 0.01 M H2O2 , and 1.8×
10−4 M AA in pomegranate juice), and (c) damaged DNA (test tube contained
100 mg L−1 dsDNA, 2.0× 10−4 M FeSO4 , 0.01 M H2O2 , and 1.8× 10−4 MAA in
pomegranate juice); all solutions in PBS (pH = 5.0).
3. Results and discussion
3.1. Cyclic voltammetry of undamaged and damaged DNA at the
modified GCE
It was found that the damaged DNA could be adsorbed
on the electrochemically modified GCE and give oxidative
peaks corresponding to the oxidation of adenine and guanine
residues [26]. Thus the electrochemically modified GCE was
employed for detection of DNA damage induced by Fenton
reaction. The Fenton reagents are composed of H2O2 and Fe
(II), and the formation process of hydroxyl radicals in Fenton
reaction is as follows:
Fe2+ + H2O2 → Fe3+ + OH+ OH−. (1)
In the reaction, Fe2+ is oxidized to Fe3+ by H2O2 and a
hydroxyl free radical is produced. Hydroxyl free radical attacks
the guanine and adenine residue as the most easily oxidized
bases in DNA, which results in cleavage of the double stranded
DNA.
The cyclic voltammograms of undamaged and damaged
dsDNA at the electrochemically modified GCE are shown in
Figure 1. It canbe seen that undamagedDNAhasnopeaks on the
modifiedGCE (curve a in Figure 1). For the damaged dsDNA, two
obvious oxidative peaks appeared in the cyclic voltammogram
at +0.85 and +1.2 V (curve c in Figure 1), respectively. The
oxidation peaks at +0.85 and +1.2 V should correspond to
the oxidation of guanine and adenine in single-stranded DNA
after cleavage of double-stranded DNA. The appearance of the
oxidative peak of guanine and the fact that the peak current
of guanine residues is smaller than that of adenine (curve c
in Figure 1) suggest that only a part of guanine residues are
oxidized at GCE when Ct-DNA was treated by Fenton reaction
in our experimental conditions.
Cyclic voltammogramof Fenton reagents are shown in curve
b in Figure 1. As it can be seen from this figure, all of Fenton
reagents are unelectroactive.
3.2. The Effect of AA in pomegranate juice on the damage of DNA
In order to compare natural and chemical antioxidants,
pomegranate juice was used as a natural antioxidant. Antioxi-
dants play a two-edged role in Fenton reaction. The effect of AA
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of AA in pomegranate juice (as an antioxidants) in Fenton reaction: (a) 0.0 M;
(b) 1.0 × 10−4 M; (c) 1.8 × 10−4 M; (d) 2.7 × 10−4 M; (e) 3.6 × 10−4 M; and
(f) 4.5×10−4 MofAA inpomegranate juice; other conditionswere as in Figure 1.
Scheme 1: Schematic diagrams illustrating the salvager role of ascorbic acid in
privation of DNA damages.
concentration on pomegranate juice was studied on DNA dam-
age in Fenton reaction, and the results are shown in Figure 2.
At first, AA concentration in pomegranate juice was mea-
sured 9.0× 10−3 M by bipotentiometery titration technique.
As can be seen from Figure 2, in the concentration range of
0.0–1.8 × 10−4 M of AA in pomegranate juice, the increase of
AA concentration is consistentwith the increase of the oxidative
peak current of guanine and adenine. But inmore concentration
of AA in pomegranate juice (1.8 × 10−4–4.8 × 10−4 M), there
is a reverse result.
The action of AA in pomegranate juice in the range of
0.0–1.8 × 10−4 M is called pro-oxidant phenomenon. But the
action of AA in pomegranate juice in more concentration is
called antioxidant phenomenon. This implies that pro-oxidative
activity of AA, at lower concentration, may be attributed to
the reduction of Fe3+ to Fe2+ by AA and stimulation of OH·
formation. However, at higher concentration, AAmaymarkedly
scavengeOH· and reduce the oxidative peaks current of adenine
and guanine. It means that at higher concentration of AA
in pomegranate juice, AA acts as a free radical scavenger
and prevents DNA damaging. This expression is shown in
Scheme 1.Figure 3: Cyclic voltammograms of damaged DNA at different concentration of
EDTA in Fenton reaction: (a) 0.0 mM; (b) 3.0 mM; (c) 6.0 mM; and (d) 9.0 mM
EDTA; other conditions were as in Figure 1.
3.3. The effect of EDTA on DNA damage
The effect of EDTA onDNAdamagewas investigated, and the
results are shown in Figure 3. The reagents were added into test
tubes in this order: Ct-DNA (1mgmL−1), H2O2 (1.0× 10−2 M),
FeSO4(4.5 × 10−4 M), pomegranate juice (1.8 × 10−4 M AA).
In order to study the relationship between EDTA concentration
and damage of DNA, different quantities of EDTAwere added to
the test tube (0.5 mL), while the amounts of other regents were
kept constant. It can be seen that the peaks current of damaged
DNA decreases with the increase of EDTA concentration. It
suggests that EDTA acts as an iron chelator decrease free Fe2+
concentration. Thus, EDTA can effectively prevent oxidative
damage of DNA in our studies.
3.4. Effect of Fe2+ concentration on DNA damage
Iron is an essential nutriment for normal cellular functions.
It is useful for function in cytochromes, oxygen-binding
molecules and many enzymes. However, free iron can be
quite harmful in the presence of hydrogen peroxide, with the
production of hydroxyl iradicals [19]. As an important factor
in Fenton reaction, the effect of Fe2+ concentration on the
oxidative peak current of damaged DNA is shown in Figure 4.
It can be observed that the peak current (Ip) of damaged
DNA increases with the increase of Fe2+ concentration. The
maximal point of Ip was obtained at 0.45 mM Fe2+. Less
than 0.45 mM, increasing the concentration of Fe2+ directly
induces the increase of Ip. But exceeding the maximal point,
the peak currents remain constant basically. Thus, it is inferred
that iron firstly bonds to DNA, and then Fe2+ is oxidized to
Fe3+ by H2O2, with the production of hydroxyl radicals which
directly attack DNA backbones and bases, and leads to the
cleavage of DNA strands and oxidation of purine bases. By
increasing Fe2+ concentration, more Fe2+ bond to DNA and
more hydroxyl radicals are produced, therefore more DNA will
be damaged [26].
3.5. Effect of glucose concentration on DNA damage
Glucose (C6H12O6) with five hydroxyl structure is generally
used as hydroxyl-radical scavenger. Many reports investigated
the effect of some sugars as hydroxyl radical scavenger [26].
Glucose can inhibit the formation of OH. and prevention of
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Fe2+ concentration in Fenton reaction. The damaged DNA test tube contained
100 mg L−1 dsDNA, 0.01 M H2O2 , and 1.8× 10−4 M AA in pomegranate juice.
Figure 5: Dependence of Ip of the cyclic voltammograms of damaged DNA on
glucose concentration in Fenton reaction. ThedamagedDNA test tube contained
100 mg L−1 dsDNA, 0.01 M H2O2 , and 1.8× 10−4 M AA in pomegranate juice.
DNA damages, and restrain DNA bond breakage. The addition
of glucose caused a significant decrease in DNA damages. In our
study, the reagents of Fenton reaction were added to test tubes
in the following order: ct-DNA, FeSO4, pomegranate juice, H2O2
and glucose. The effect of glucose concentration is shown in
Figure 5. It canbe seen that the peaks current (Ip) of damaged
DNA are reduced with the increase of glucose concentration.
4. Conclusions
The electrochemically modified GCE has been successfully
applied to the study on DNA damage induced by Fenton
reaction. Therefore, the information of DNA damage, such
as cleavage of double strand and oxidation of guanine and
adenine residues induced by Fenton reaction, can be obtained
using cyclic voltammetry. Antioxidants have a two-edged
role in Fenton reaction. Natural antioxidants are more useful
than chemicals, because of their compatibility with biological
environmental. So in this project, pomegranate juice was used
as a natural antioxidant. The action of AA in pomegranate
juice in the range of 0.0–1.8 × 10−4 M is called pro-oxidant
phenomenon. But the action of AA in pomegranate juice in
more concentration is called antioxidant phenomenon, and
can prevent DNA damages. We hope that the result of this
project can be useful in the prevention of genetic diseases.
When pomegranate fruit was used as a natural antioxidant, less
concentration of AA can prevent DNA damages than chemical
antioxidant (Merck).
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